Introduction
Cordyceps sinensis is a parasitic complex of fungus and caterpillar that has been used as a traditional Chinese tonic medicine for thousands of years. Natural C. sinensis is extremely rare, mainly obtained from Tibet in China, and its quality is thought to be variable. Therefore, we chose cultured C. sinensis which is available at a reasonable cost and with relatively stable contents for use in diverse pharmacological research. For the purpose of this study, we prepared a hot water extract of the fruiting bodies of cultured C. sinensis (WECS) . WECS has demonstrated the ability to activate Kupffer cells in rats [1] , anti-oxidant activity [2] , and inhibitory effects on raised serum lipid peroxide levels and aortic cholesterol deposition in atherosclerotic mice [3] . WECS also produces an anti-tumor effect by stimulating adenosine A 3 receptors, followed by activation of glycogen synthase kinase (GSK)-3β in the Wnt signaling pathway [4] . We recently reported that WECS exerts anti-metastatic action, in part by inhibiting the hepatocyte growth factor (HGF)-accelerated tumor invasiveness of mouse melanoma cells [5] .
In the present study, we focused on the mechanism underlying the anti-metastatic action of WECS in order to elucidate how WECS inhibits the invasiveness of mouse melanoma cells. Furthermore, we investigated the effect of cordycepin (3'-deoxyadenosine), one of the ingredients in WECS, to identify the pharmacologically active component of crude WECS.
Experimental Procedures

Materials
Dried fruiting bodies of cultured Cordyceps sinensis were produced by Jiang Men Baode Biological Technology (Guangdong, China), which were then extracted with hot water (70°C) for 5 min and thereafter the extract was filtered and lyophilized. The lyophilized powder (WECS) was sealed in bottles and kept in a refrigerator (4°C) until use. WECS was sterilized through a 0.22-μm membrane filter before use on cells. Cordycepin (3'-deoxyadenosine) and fetal bovine serum (FBS) were purchased from Sigma Chemical Co. (St. Louis, MO, USA). Dulbecco's modified Eagle's medium (DMEM) with L-glutamine was obtained from Invitrogen Co. (Grand Island, NY, USA). Dulbecco's phosphate-buffered saline without calcium and magnesium [DPBS (-)] was from Nissui Pharmaceutical Co., Ltd (Tokyo, Japan). EDTA trypsin solution (EDTA, 0.02%; trypsin, 0.1%) and penicillin/ streptomycin solution (penicillin, 50,000 U/mL; streptomycin, 50 mg/mL) were obtained from Cosmo Bio Co., Ltd. (Tokyo, Japan).
Cells
A mouse epithelial-like melanoma cell line, B16-F0, was obtained from the American Type Culture Collection (Rockville, MD, USA). The B16-F1 cell line was derived from pulmonary metastases produced by intravenous injection of B16-F0 cells into a syngeneic C57BL/6Cr mouse. The B16-F10 cell line was then repeatedly selected by ten successive passages of lung colonies; the in vivo-in vitro selections were based on Fidler's method [6] in which the B16-F10 cells are injected into the urinary bladder of male C57BL/6 mice via the vas deferens and then the bladder is ligated, excised and maintained on semi-solid agar. Tumor cells that migrate through the wall of the bladder are recovered from the agar, cultured and repassaged. This process is repeated six times and the resulting variant is designated B16-BL6 [7] . The B16-Bl6 cell line was established by Dr. Isaiah J Fidler and generously provided by Dr. Futoshi Okada of Tottori University (Yonago, Japan). The NIH3T3-3 mouse embryonic fibroblast cell line was supplied by Riken Cell Bank (Tsukuba, Japan). Cells passaged less than 45 times were used in all experiments and cultured in DMEM containing 10% FBS and a 0.1% penicillin/ streptomycin solution.
Western blot analysis for tissue inhibitor of matrix metalloproteinase (TIMP)-1 protein
Sub-confluent cells in a T25 flask were serum-starved for 24 h and incubated in the presence and absence of WECS (0.1, 0.3 and 1 μg/mL) or cordycepin (1 μM) for 24 h at 37°C in 2 mL of DMEM without FBS. After serum-starvation, cells were attached to the bottom of a flask and detached cells were not observed using microscope. Conditioned medium was concentrated 5-fold by centrifugation using a micro centrifugal vacuum concentrator (MV-100, TOMY Seiko Co., Ltd., Tokyo, Japan Bands were visualized using Western-blot luminal reagent (Santa Cruz Biotechnology, Santa Cruz, CA, USA) on X-ray film (GE Healthcare UK). Band density was measured using NIH-Image "J".
Statistical analyses
Data are expressed as the mean ± S.E. (N=3-9). Statistical analyses were performed by ANOVA followed by Tukey's multiple comparison test or Student's t-test using PRISM Version 4 (GraphPad Software, Inc., San Diego, CA, USA). Differences were considered significant at P<0.05.
Results
The ability of several B16 melanoma cell lines to secrete TIMP-1
Initially, we investigated the TIMP-1 levels secreted by four kinds of mouse melanoma cells compared with that secreted by normal NIH3T3-3 mouse cells. The relative TIMP-1 levels secreted by B16-F0, -F1, -F10 and -BL6 cells were 29.3, 73.9, 78.0 and 45.9, respectively. The TIMP-1 level secreted by B16-F0 cells was significantly lower than that secreted by NIH3T3-3 cells (Figure 1 ).
Effect of WECS on the TIMP-1 level secreted by B16-F0 cells
WECS increased the amount of TIMP-1 protein secreted by B16-F0 cells in a concentration-dependent manner.
The amount of TIMP-1 protein secreted by B16-F0 cells in the presence of 1 μg/ml WECS was significantly increased by 72.3% compared with the control (0 μg/ml WECS) (Figure 2 ).
Effect of cordycepin on the TIMP-1 level secreted by B16-F0 cells
The amount of TIMP-1 protein secreted by B16-F0 cells in the presence of 1 μM cordycepin was signifi cantly increased by 53.6% compared with the control (0 μM cordycepin) (Figure 3 ).
D iscussion
TIMP is a negative regulator for matrix metalloproteinase (MMP) and functions as an anti-metastatic factor through the inhibition of tumor cell invasion, which is considered one of the key steps in the tumor metatstatic process. between higher levels of TIMP-1 in tumor tissue and poor prognosis in patients with primary breast cancer. They also confirmed that TIMP-1 may be useful as a prognostic marker in combination with urokinase plasminogen activator (uPA)/plasminogen activator inhibitor type-1 (PAI-1) and added substantial positive information on the use of TIMP-1 as a prognostic marker in breast cancer [13] . Egeblad and Werb indicated that higher TIMP-1 levels would therefore be associated with a worse prognosis [14] since increased levels of TIMP-1 may inhibit the activity of MMPs in the tumor tissues.
In a previous study, we demonstrated that the ability of B16-F0 cells to form liver metastatic nodules following inoculation to the spleen was significantly higher than B16-F1, -F10 or -BL6 cells [5] . The amount of secreted TIMP-1 from B16-F0 cells was found to be the lowest among these melanoma cell lines. It is reasonable that the reduced secretion of TIMP-1 in B16-F0 cells might be related to the increased ability of B16-F0 cells to form liver metastases after inoculation to the spleen. Using B16-F0 cells, we also demonstrated that WECS possesses anti-metastatic action, in part by inhibiting the HGF-accelerated B16-F0 cell invasiveness [5] . In the present study, we showed that WECS significantly increased TIMP-1 secretion from B16-F0 cells and that elevated TIMP-1 secretion may be part of the mechanism by which WECS inhibits tumor cell invasion which contributes to the anti-metastatic effect of WECS.
Cordycepin was speculated to act as the effective component of WECS since cordycepin has previously demonstrated an anti-metastatic effect [15, 16] . In fact, cordycepin significantly increased TIMP-1 secretion from B16-F0 cells similarly to levels obtained by WECS treatment in the present study.
We are able to conclude that WECS accelerates TIMP-1 secretion from B16-F0 mouse melanoma cells, and that pharmacologically active component responsible for this effect might be cordycepin. Additionally, increased TIMP-1 secretion potentially contributes to the anti-invasive and anti-metastatic effects of WECS.
